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Abstract  
Turbo roundabouts have proven to be safer intersections than multi-lane roundabouts. Traffic data obtained 
after its implantation show a reduction in accidents compared with the existing roundabouts. In this work, 
a roundabout and a turbo roundabout model are compared previous modelling with Petri Nets and the safety 
is analysed through indicators of complexity. Petri nets are a graphic and mathematical representation that 
allow a faithful modeling of urban systems. A brief methodology for modelling this type of systems has 
been defined based on positions of interest and inhibitory arcs. The methodology is applied to the same real 
road intersection. The case study is a recent transformation from roundabout to turbo roundabout. The 
modelled system of the roundabout presents a greater complexity than the turbo roundabout system in 
entrances, exits and internal circulation. A greater number of relations and inhibitions in roundabouts 
implies a higher probability of accidents. This is due to the limitations between lane changes that present 
the turbo roundabouts. The main manoeuvres causing accidents have been modelled and their solution in 
turbo roundabout presented. 
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INTRODUCTION 
Roundabouts are typical elements of European roads that has spread around the world1,2. The gradual 
transformation of crossroads to roundabouts has been occurring since its appearance more than a hundred 
years ago3 since they offer a series of advantages over them: they reduce the speed of the cars due to their 
characteristic circular shape4, they reduce the number of collisions and the severity of them5,6, they have 
fewer points of conflict and possible collisions7, and they help to regulate the flow without the need for 
traffic lights. 
Although roundabouts benefits against crossroads are indisputable, they also have disadvantages8,9. The 
blind spots of the vehicle combined with the curved geometry of the rails cause very limited visibility for 
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drivers. In addition, in many cases, the small dimensions of the roundabouts force drivers to make quick 
decisions and follow non-optimal designed trajectories. The main disadvantage of roundabouts lies in the 
incorrect circulation of drivers10,11, especially when the roundabout has two or more lanes. Accidents are 
caused by undue manoeuvre between lanes, especially related to the exit. Recently, safety at roundabouts 
(and other intersections) has been evaluated using the Surrogate Safety Assessment Model (SSAM), a 
software application developed to automatically identify, classify and evaluate conflicts in microscopic 
traffic simulation models12. The conflict points obtained by SSAM coincide in detail with those observed 
in real case studies13. 
 To solve the high rate of accidents at the roundabouts, new alternative models have been designed14,15, 
including turbo roundabouts16. The invention of the turbo roundabout is attributed to Dr. Fortuijn17. The 
first turbo roundabout was built in Slovenia, a country that today is the third with more turbo roundabouts18. 
Alternative roundabout models have been extended to all European countries19. Depending on each country, 
turbo roundabouts have small geometric variations adjusted to their traffic cultures and their local 
conditions20. The main difference between a turbo roundabout and roundabout is the limitation of lane 
changes by the first. The new design forces drivers to be in a certain lane before entering the turbo 
roundabout, depending on the chosen exit. Lane changes inside the turbo roundabout are non-existent or 
minimal, reducing conflicts between vehicles. Turbo roundabouts have reduced accidents by up to 75% 
compared to roundabouts in specific cases21. 
For a detailed comparison between systems, both systems must be mathematized. Petri Nets (PNs)22 allow 
a graphic visual representation with associated basic mathematics for a true modelling of a real system. Its 
use is widely spread in the industry23, but also apply to various fields, among which is the modelling of 
urban areas24–26.  
The aim of this work is to analyse the traffic flow and potential conflict points in two-lane roundabouts and 
turbo-roundabouts through a previous modelling based on PNs. In addition to a graphic representation, PNs 
networks are presented in this paper as an instrument from which to extract indicators of the safety measure. 
In the methodology, the modelling rules are established according to the singular geometry of the 
roundabouts. The methodology is applied to one case study, a recent object of a roundabout to turbo 
roundabout transformation. The resulting models are compared as equivalent places and transitions, and 
their overall complexity evaluated. The main undue manoeuvres that cause accidents at roundabouts are 
also modelled and studied their solution in turbo roundabouts. 
This paper is organized as follows. Section 2 collects papers about urban PNs applications and comparative 
modelling between roundabouts and turbo roundabouts. In section 3 the proposed methodology for the 
modelling of both systems is presented. In Section 4 the methodology is applied to a real case study and 
the resulting networks are analysed. The work ends with a conclusion section. 
 
RELATED WORK 
Petri Nets for urban applications 
The use of PNs for urban environments can be divided into crossroads and roads modelling27, which are 
the most common elements in driving. The behaviour of the drivers and manoeuvres to be performed are 
different in both elements, therefore, the resulting models are also different. Each PN element applied to 
urban environments has a correspondence with reality: places are environmental locations or situations, 
transitions are conditions or decisions that allow the movement, and tokens are vehicles, pedestrians or 
traffic light colours. The main limitation of the PN application to urban environment supposes the 
discretization of the environment since PNs were originally designed to model discrete systems and urban 
environments are continuous systems24. 
The modelling of crossroads is the one that concentrates the most importance and interest in the state of the 
art. Given the complexity of the crossroads, several authors apply modifications according to their 
considerations on the theoretical basis of PN modelling. Continuous Petri Nets (CTNs) allow the modelling 
of continuous systems, such as the variable speed of cars25. With coloured timed Petri Nets (CTPNs) vehicle 
trajectories can be defined by assigning a token colour to each desired path26. In addition, the previous 
authors introduce the concept of inhibitory arcs to condition the flow of traffic with the existence of other 
vehicles in future places. The common pattern that all the crossroads have and the periodicity of the 
modelled situations (synchronized combinations of colours in the traffic lights throughout the time) allow 
the use of a PN modular design28. 
The modelling of crossroads also includes the modelling of the traffic lights that control the flow. This 
complex environment is modelled by Hybrid Petri Nets (HPN) 29–31: the discrete part modelling traffic lights 
and the continuous part modelling traffic flows. Another modelled element, both at junctions and on the 
road, are the signs, especially those that signal mandatory turns32. 
Through modeling with PNs, a faithful representation of reality is obtained, perfectly valid for economic 
and environmental studies33. Some studies compare their models with real traffic data30, obtaining very 
precise results. The undetermined elements are the main source of error. These elements present a source 
of study in itself, for example, the time it takes for pedestrians to cross a pedestrian crossing not regulated 
by a traffic light33. One of the main PN objectives is its application for real-time use31 so that the flow can 
be improved through them and give priority to emergency services improving traffic flow and prioritizing 
emergency services24. 
Roundabouts and turbo roundabouts comparison 
The majority of comparative works focus on the flow capacity between both systems34–36, for which the 
input flow of the roundabouts is mathematized through the equations defined by37–39. The inflow of each 
lane defines the total internal flow of the system34. Although there is a consensus that the turbo roundabouts 
suppose a security improvement, the opinion on the capacity is divided. The study developed by35 concludes 
that the advantages of turbo roundabouts in terms of capacity depend on traffic conditions: if the flow of 
origin and destination are balanced among all the roads, double lane roundabout are better; instead, if there 
is a road with greater flow than the others, turbo roundabout have an advantage. Recent studies generalize 
that double lane roundabouts have better flow capacity than turbo roundabouts of the same size, except in 
rare and specific conditions36.  
A common practice to compare both models is through microsimulations40, for example with the PTV 
Vissim software. A series of input parameters are required for the simulation. Galleli et al.41 identify them 
as traffic flow using the Origin/Destination matrix, speed distribution, minimum gap and driver behaviour. 
Once the roundabout model has been tested, the parameters are applied to the turbo roundabout model and 
simulated. In this way, both systems can be compared without real information of the same. As a result, the 
authors conclude that turbo roundabouts are a good solution in case of unbalanced flow patterns, determine 
an increase of the capacity of 15% to 84%. Similarly, Eva and Andrea42 apply a simulation for the 
transformation of a single lane roundabout to a turbo roundabout (double lane) in an area with high traffic 
density. In their particular case study, turbo roundabout gets better average waiting times in comparison, 
lower from 70% to 90%.  
There are two types of models: linear and exponential43. The latter are based on the gap acceptance theory, 
measurements can also be made in saturation conditions, obtaining behaviour parameters such as critical 
gaps, follow-on time, and minimum headway. Parameters for linear models can be estimated only at the 
level of traffic flow. Either way, kinematic parameters are measured empirically for each roundabout44, as 
it depends on the geometry of the same. 
Another possible form of modeling is based on the transformation of the rotunda into a circular grid 
according to the mathematical model of cellular automaton45. The cell size is according to the space 
occupied by vehicles in reality and the movement between cells is based on traffic rules. The work focuses 
on demonstrating how a change in traffic rules could lead to an increase in the capacity of roundabouts. 
In addition to the capacity of the roundabout, there are other factors that modify the internal flow, for 
example, pedestrians in the zebra crossings in the vicinity of these systems have a high impact34, as well as 
the behavior of the conductors46 and the geometry of the roundabout47. 
As far as the accident rate is concerned, the turbo roundabout has a lower concentration of accidents than 
the roundabout: between 40% and 50% of the number of potential accidents and between 20% and 30% of 
potential accidents with injuries48,49. This result is obtained by applying to a potential accident rate model 
which was based on the concept of potential conflict (potential collision maneuvers), where many crash 
typologies are studied: as collision for failure to yield, loss of vehicle control, rear-end at entry and 
circulating-exiting collisions. All of them depend on traffic conditions. The systems have been calibrated 
with real traffic data from the roundabout and simulated for the roundabout turbo with few case studies. 
With regard to previous approaches, in this work, a Continuous Petri Net (CPN) is implemented since the 
transitions are based on the time it takes a vehicle to reach the next state. Hybrid color models are not 
necessary for a comparison between models without simulation or traffic lights information. On the other 
hand, the comparison between models is not based on flow conditions but on relationships between different 
positions in a graphical way, focusing on points of interest and influence on other points. No works have 
been found that implement PNs at roundabouts. 
 
METHODOLOGY 
A methodology must be established for a correct modelling and reproducibility of the experiment in 
different case studies, starting from the bases of PNs that have already been established by different 
authors22. PNs are graphs composed of nodes (places) connected by a series of arcs (transitions). The parts 
of PNs are closely related to security. Places represent zones of existence of the vehicle on the real system, 
while the transitions represent priorities of one vehicle on another and flows, relating the places to which a 
driver must pay attention when making a decision with the places achievable in the future. 
The current works of crossroads modelling establish the states as fixed positions where lanes cross and 
denoted by the space occupied by the car31,33. Replicating this concept in a roundabout implies an excess of 
places visualization (Fig. 1.a), as can be seen in cellular automaton-based jobs45. The transitions of the 
roundabout not only depend on the closest states. Since a roundabout is a constant flow of cars and its 
internal flow is more similar to double lane roads than at crossroads, the modelling of the roundabout is 
adapted into positions of interest for the cars. These positions are given by conditions of visibility and traffic 
flow, and they are located in: 
 At the end of the entrance lanes at the roundabout 
 At the beginning of the exit lanes of the roundabouts 
 In the positions immediately after entering the roundabouts 
 In the positions immediately before the exit of the roundabout 
 In the positions that influence visibility for decision making at the entrance to the roundabout 
 In positions that influence visibility for decision making in lane changes within the roundabout 
Depending on the size of the roundabout, several of the aforementioned conditions may coincide in the 
same position. Although the position is represented in a specific point, its zone of influence extends through 
a region of interest that will not be represented in the PN. The resulting model is more simplified and obtains 
a more continuous behaviour (Fig. 1.b), which facilitates the design of transitions. Positions of the places 
according to the size of the roundabout are eliminated or drastically reduced. 
 
Fig. 1. Place distribution for a PN based on vehicle size (a) and points of interest (b). 
An indispensable transition, shared by PNs that model crossroads, is the impossibility of coexisting two or 
more cars (tokens in PNs) in the same place. This is solved by inhibitory arcs, conditioning the vehicle 
transition to the non-existence of a token in the future position. Although the correct representation of an 
inhibitory arc in the transition corresponds to Fig. 2.a, for a simpler visualization in the final model, the 
model presented in Fig 2.b is used26. A temporary condition 𝑡𝐴→𝐵 must be indicated, which represents the 
time it takes a vehicle to move from one position A to the next B. 
 
Fig. 2. Normalized representation of an inhibitory arc from a position B to a previous position A (a) and 
representation used in this work (b). 
Internal transitions model position changes within the roundabouts. Vehicles at the roundabout can stay in 
their lane or change. Vehicles traveling in their lane, can change their place 𝑅r
φ
→ 𝑅r
φ+1
 with the only 
condition that there is no other vehicle in the future place ∅𝑅r
φ+1
, modelled by an inhibitory arc from the 
position 𝑅r
φ+1
 to the transition 𝑡φ→φ+1 between both positions (Fig. 3.a). The lane changes are given one 
by one 𝑅r
φ
→ 𝑅r+1
φ+1
, not being able to cross two lanes of blow 𝑅r
φ
↛ 𝑅r+2
φ+1
. They are delimited by the 
existence of cars in both the future position  𝑅r
φ+1
 and in the outer lane of the current position 𝑅r+1
φ
 (Fig. 
3.b). 
 
Fig. 3. Model in PN of vehicle movement in the same lane (a) and making a lane change (b). 
External transitions model the relationship of the lanes of the roundabout with the lanes of the roads entering 
and leaving them. Entrance to the roundabout is made in the lane that best suits the desired exit or on the 
outer circulatory lane, depending on the law in force in each country. The change from position 𝑃𝑖𝑛  to 𝑅r
φ
 
can only be made if there is no car in 𝑅r
φ
 and no cars arrive through the lanes of the roundabout that could 
interfere with the incorporation 𝑅r
φ−1
 (Fig 4.a). The traffic rules establish that the exit of the roundabout 
must be made from the outer lane 𝑅rmax
φ
→ 𝑃𝑜𝑛. The only condition to leave the roundabout is the non-
existence of vehicles in the exit position ∅𝑃𝑜𝑛 (Fig. 4.b). 
 Fig. 4. Model in PN of vehicle movement in the at the entrance (a) and exit (b) of a roundabout. 
 
RESULTS 
Case study 
The methodology has been implemented in one case study. It is a roundabout recently converted into a 
turbo roundabout. It is located in the city of Vigo, in Bouzas area with coordinates WGS84: 
42.225327823560626, -8.752284383110691. The unpaved central zone measures 12 meters in diameter, it 
has two lanes, each 4 meters wide, separated by partially deleted dashed lines and serves as a link to four 
roads, two of which have two lanes in each direction (3 meters wide per lane), and the others only one (4 
meters wide per lane). The double lane roads connect the port, industrial areas urban center, serving as a 
city ring; while single lane roads lead to residential areas in a historic center. It is an area with high traffic 
density, most of which are cars, but it also has a significant percentage of trucks. This case study has been 
chosen for the recent conversion and the combination of different types of entrances and exits to a double 
lane roundabout. Fig. 5 shows the images of the object of study. Fig. 6 shows the models on which the 
methodology is implemented. 
 
Fig. 5. Top views of the case study: a) aerial image of the roundabout studied50, b) model of turbo 
roundabout conversion21. 
 Fig. 6. Models of the roundabout (a) and equivalent turbo roundabout (b). 
Roundabout case study 
Fig. 7 shows the PN created with the application of the methodology to the case study being a roundabout. 
As can be seen, all the places of destination have an inhibitory arc associated with the previous condition.   
The entrance to the roundabout is made from the places 𝑃𝑖𝑛  and 𝑃𝑖𝑛′. In the case of access by the dual lane 
roads 𝑃𝑖1 and 𝑃𝑖2, the right lane 𝑃𝑖𝑛  enters the outer lane of the roundabout 𝑅2
φ
, the left lane 𝑃𝑖𝑛′ enters the 
inner lane of the roundabout 𝑅1
φ
. In the case of access through the roads of a single lane 𝑃𝑖3 and 𝑃𝑖4, the 
driver can decide which lane to access. The entrance condition is the non-existence of vehicles in the 
previous stages of the roundabout 𝑅𝑛
φ−1
, regardless of the lane, although the incoming car only wants to 
access the outer lane 𝑅2
𝑛. 
The only condition that allows the movement of a place 𝑅n
φ
 by the same lane 𝑅r
φ
→ 𝑅r
φ+1
 is the non-
existence of a token in the destination 𝑅r+1
φ+1
, both in 𝑅1
φ
 and in 𝑅2
φ
. Lane changes take place from inside 
lanes to outside 𝑅1
φ
→ 𝑅2
φ+1
, although there is no regulation that prohibits the opposite. The objective of 
the lane changes is to locate in the outer lane 𝑅2
φ
 to take the desired exit. The condition 𝑡 for a lane change 
𝑅1
φ
→ 𝑅2
φ+1
  the non-existence of a token must be fulfilled in the future position 𝑅2
φ+1
 and the non-existence 
of a car in the position 𝑅2
φ
  that occupy in the next instant the future position 𝑅2
φ+1
. 
The exit of the roundabout must be made from the outer lane of the same 𝑅2
φ
 and the right lane of the exit 
road 𝑃𝑜𝑛 by regulation in Spain
51, since there is no international consensus on this legislation36. The exit 
only depends on the non-existence of a car at the point of departure. Other types of output will be seen in 
Section 4.2. 
 Fig. 7. Petri Net of the roundabout case study represented on the model. 
Turbo roundabout case study 
Fig. 8 shows the PN created with the application of the methodology to the case study being a turbo 
roundabout. The condition of not existing two tokens in the same place is still maintained. The states are 
located in the areas before and after the inputs and outputs, being the same in the case 𝑅𝑛
3 and 𝑅𝑛
4   due to 
the proximity between inputs and outputs. All temporary conditions 𝑡 are also indicated. 
The entrance to the turbo roundabout is made from the places 𝑃𝑖𝑛 . 𝑃𝑖1 and 𝑃𝑖2 have their access delimited 
to their corresponding lane. The vehicles that are incorporated from 𝑃𝑖3 and 𝑃𝑖4 can access any of the lanes 
of the turbo roundabout. The entry condition is the non-existence of vehicles in the previous states of the 
roundabout 𝑅𝑛
φ−1
 and the lanes that cross in the incorporation.  
Circulation in the turbo-roundabout is done counterclockwise. The movement of vehicles is limited by a 
continuous line. It is not possible to change lanes 𝑅1
φ
→ 𝑅2
φ+1
  or 𝑅2
φ
→ 𝑅1
φ+1
.  
The exit of the roundabout can be made from any exit lane, 𝑅1
φ
or 𝑅2
φ
, provided that a continuous line is not 
traversed (for example outputs 𝑅1
2and 𝑅1
6). The exit only depends on the non-existence of a car at the point 
of departure 𝑃𝑜𝑛.  
 Fig. 8. Petri Net of the turbo roundabout case study represented on the model. 
Comparison 
The turbo roundabout offers a simpler model than the roundabout at first glance, with fewer inhibitors and 
more movement limitations. The entrance of the double lanes 𝑃𝑖1′, 𝑃𝑖2 and 𝑃𝑖2′ in the turbo roundabout only 
takes into account the existence of cars in one previous place (𝑅1
2and 𝑅1
6), not two as in the roundabout (𝑅1
2, 
𝑅2
2, 𝑅1
6 and 𝑅2
6). The entrance from place 𝑃𝑖1 is incorporated into a lane that leads directly to the exit 𝑃𝑜2, 
with the only condition of no car in the next lane state. In the single lane entrances 𝑃𝑖3 and 𝑃𝑖4 when 
accessing the inner lane 𝑅1
φ
, the entry condition is the same in roundabouts and turbos. Instead, when 
accessing the outer lane 𝑅2
φ
, only the non-existence of cohesion in the previous state of the outer lane 𝑅2
φ−1
 
must be taken into account in the turbo roundabout, and not both lanes (𝑅1
φ−1
 and 𝑅2
φ−1
). 
The circulation in the turbo roundabout is more limited, the lane changes 𝑅1
φ
→ 𝑅2
φ+1
 do not exist. 
Therefore, the circulation is simpler, not influencing cars in the adjacent lanes when driving through one. 
The elongated geometry of the turbo roundabout results in a greater circulation perimeter. The PN of the 
turbo roundabout has two more states. Place 𝑅𝑛
5  at the roundabout fulfils the function of entering road 𝑃𝑖4, 
the exit of 𝑃𝑜1 and entrance visibility 𝑃𝑖1. In the turbo roundabout, place 𝑅𝑛
5 represents the entrance of road 
𝑃𝑖4 and place 𝑅𝑛
6
 represents exit of 𝑃𝑜1  and entrance visibility 𝑃𝑖1. 
The output of the network is clearly different between both. The exit 𝑃𝑜2  of the turbo roundabout can only 
be accessed from the entrance 𝑃𝑜1, while at the roundabout can be accessed from any entrance. The turbo 
roundabout allows departures by the left lane 𝑃𝑜𝑛′ on dual lane roads and from the inner lane of 𝑅1
φ
. At 
roundabouts, 𝑃𝑜𝑛′ states are unusable. The rest of the exit maneuvers, to single lane roads 𝑃𝑜3 and 𝑃𝑜4 and 
right lane of double lane 𝑃𝑜1 , are made from the outer lane of the roundabout 𝑅2
φ
 in roundabouts and turbo 
roundabouts. With the exception that the state 𝑅2
6 forces to leave the turbo roundabout and does not allow 
to continue for it. 
The number of inputs and outputs to each place shows the limitation in the decision making within the 
system, comparable to the degrees of freedom. Table 1 shows the number of inputs/outputs (I/O) for each 
state of the roundabout and turbo roundabout. Entries 𝑃𝑖𝑛  have the same I/O number. The outputs 𝑃𝑜𝑛′ are 
different between both models. In the turbo roundabouts they are accessib0129le while, in turbo 
roundabouts, they are not, as indicated above. In the internal states, there is a reduction of 1 to 2 points for 
each I/O in each place at turbo roundabout, this corresponds to the limitation of the lane change. 
Inhibitory arcs represent the areas that a driver must pay attention to when making a maneuvering decision. 
Table 2 shows the number of inhibitors at each transition by comparing roundabout and turbo roundabout. 
The number of inhibitor arcs is reduced to 2 points in the turbo roundabout, with some transitions 
disappearing. This is due to the limitations between lanes and entails a simplification in the model. 
 
Table 1. 
Number of inputs/outputs of each place in the roundabout (R) and turbo roundabout (T). 
 𝑃𝑖1 𝑃𝑖1′ 𝑃𝑖2 𝑃𝑖2′ 𝑃𝑖3 𝑃𝑖4 𝑃𝑜1  𝑃𝑜1′  𝑃𝑜2 𝑃𝑜2′  𝑃𝑜3 𝑃𝑜4  
R 0\1 0\1 0\1 0\1 0\2 0\2 1\0 0\0 1\0 0\0 1\0 1\0 
T 0\1 0\1 0\1 0\1 0\2 0\2 1\0 1\0 1\0 1\0 1\0 1\0 
 𝑅1
1 𝑅2
1 𝑅1
2 𝑅2
2 𝑅1
3 𝑅2
3 𝑅1
4 𝑅2
4 𝑅1
5 𝑅2
5 𝑅1
6 𝑅2
6 
R 2\2 3\1 1\2 2\2 2\2 3\2 2\2 3\2 2\2 3\2 N\N N\N 
T 2\1 1\1 1\2 1\1 1\1 2\2 2\1 2\2 2\1 2\1 1\2 1\1 
 
Table 2. 
Number of inhibitors arcs at each transition in the roundabout (R) and turbo roundabout (T). 
 𝑡𝑖1→21 𝑡𝑖1′→11 𝑡𝑖2→23 𝑡𝑖2′→13 𝑡𝑖3→24 𝑡𝑖3→14 𝑡𝑖4→25 𝑡𝑖4→15 𝑡25→𝑜1  𝑡15→𝑜1′ 
R 3 3 3 3 3 3 3 3 1 N 
T 1 2 2 2 2 3 2 3 N N 
 𝑡26→𝑜1 𝑡16→𝑜1′ 𝑡22→𝑜2 𝑡12→𝑜2′ 𝑡23→𝑜3 𝑡24→𝑜4 𝑡11→12 𝑡11→22  𝑡21→22  𝑡12→13  
R N N 1 N 1 1 1 2 1 1 
T 1 1 1 1 1 1 1 N 1 N 
 𝑡12→23 𝑡22→23 𝑡13→14 𝑡13→24 𝑡23→24 𝑡14→15 𝑡14→25 𝑡24→25  𝑡15→16  𝑡25→26  
R 2 1 1 2 1 1 2 1 N N 
T 1 N 1 N 1 1 N 1 1 1 
 Potential conflict manoeuvres  
There are a series of manoeuvres that present conflict between the trajectories of the vehicles. In this 
subsection, three common causes of accidents in roundabouts are modelled 11,49 and how the limitations in 
the lane change of the turbo roundabouts solve these conflicts. 
The first focuses on the entrance of the vehicle to the outer lane 𝑅2
φ
 of the roundabout. When a vehicle is 
incorporated, it must yield to existing vehicles at the roundabout 𝑅1
φ−1
and 𝑅2
φ−1
. The driver entering the 
outer lane 𝑅2
φ
 can obviate the existence of a car in lane 𝑅1
φ−1
 considering that it does not circulate in its 
lane. If this coincides with the change of lane of a car in the lane 𝑅1
φ−1
 to 𝑅2
φ
, a collision can occur by reach 
in 𝑅2
φ
 or lateral in the roundabout entrance (Fig. 9.a). To solve this problem, the turbo roundabout does not 
allow the voluntary lane change 𝑅1
φ
→ 𝑅2
φ+1
, not being able to cross the trajectories of both vehicles (Fig. 
9.b). 
 
Fig. 9. PN models of the possible collision (in red) at the entrance of a roundabout (a) and solution 
provided by the equivalent turbo roundabout (b) at the entrance 𝑃𝑖4 of the case study. 
The second conflict happens in the lane changes inside the roundabout. When a vehicle traveling in the 
inner lane 𝑅1
φ−1
 wishes to access the exterior 𝑅2
φ
, it must check the absence of another vehicle in its same 
position as the outer lane 𝑅2
φ−1
. Sometimes, the vehicle located in the adjacent lane is in a blind spot, so it 
is not visible and the result of the check is wrong. When this happens, a lateral collision occurs at position 
𝑅2
φ
 (Fig. 10.a). The lane change limitation inside the turbo roundabout forces both vehicles to take parallel 
and separate trajectories (Fig. 10.b), taking the car that circulates in the inner lane 𝑅1
φ−1
 to the desired exit 
without needing to change lanes. 
 Fig. 10. PN models of the possible lateral collision (in red) in the lane change (a) and solution provided 
by the equivalent turbo roundabout (b) between places 𝑅n
1 and 𝑅n
2 of the case study. 
The third conflict can be considered as another variant of the lane change problem. The driver in the inner 
lane 𝑅1
φ
 assumes that the driver in the outer 𝑅2
φ
 is taking the next exit 𝑃𝑜𝑛  or is going to take it, so there is 
a free route to the left lane of the exit lane 𝑃𝑜𝑛′. When the assumption is false and the existence of a vehicle 
is not verified in position 𝑅2
φ
, a collision occurs between the vehicles that were in 𝑅2
φ
 and 𝑅1
φ
 (Fig. 11.a). 
To solve this problem and increase the flow of cars, giving access to the place 𝑃𝑜𝑛′, the exit at the roundabout 
turbo is taken differently. The design of the turbo roundabout forces the driver of the outer lane 𝑅2
φ
 to take 
the next exit (only in double lane exit roads). The vehicle in the inner lane 𝑅1
φ
 can take the left lane of the 
exit 𝑃𝑜𝑛′ or continue circulating on the roundabout 𝑅1
φ+1
 without the need to check the existence of a vehicle 
in the outer lane 𝑅2
φ
 (Fig. 11.b). 
 
Fig. 11. PN models of the wrong exit maneuver (in red) (a) and solution provided by the equivalent turbo 
roundabout (b) at exit 𝑃𝑜2′  of the case study. 
 
CONCLUSION 
The comparison has been made through the Continuous Petri Net modelling of a case study in its 
roundabout version and its transformation to turbo roundabout. The methodology has been designed for the 
transformation of the real system to CPN from small subgraphs that represent the manoeuvres in 
roundabouts, approximated as roads and lanes of incorporation. The places within the roundabout have 
been located and defined as continuous places from their influence and visibility towards adjacent 
conditions. The transitions have been modelled by time and inhibitory arcs, which represent priorities and 
areas where drivers must pay attention. 
The created networks represent a faithful model of vehicle flow trajectories in the roundabouts. The 
roundabout network is more complex turbo roundabout network with the naked eye. This is corroborated 
by a greater number of entries and exits that lead to each place of the roundabout (reflected in the 
manoeuvres that can be performed). While in most of the turbo roundabout places, the driver's only option 
is reduced to occupying next place without the possibility of having another trajectory. There is also a 
greater number of inhibiting arcs (areas that must be taken into account to carry out the manoeuvres) in the 
roundabouts than in the turbo roundabouts. Added to the possibility of choosing between several places 
supposes a greater crossing of trajectories with other vehicles and an increase of time in the decision 
making. The only situation where the complexity is the same between both systems, it happens when a 
vehicle access from the left lane on a single lane road to the inner lane of the roundabout. 
In summary, the reduced complexity of the turbo roundabout is due to the strict limitations in lane change, 
turning turbo roundabouts into a safer model: lower number of possible movements that can be tackled by 
the drivers and smaller number of trajectories with collision risk. This severe restriction in lane change, 
represented in the real scene by road markings, also reduces the incorrect manoeuvres that cause accidents 
(modelled in this work). Many are due to the incorrect visualization or cession of the passage to other cars, 
assuming an incorrect consideration of inhibitory arcs in CPN models. 
PNs have proven to be perfectly applicable to the representation of traffic circular systems (such as 
roundabouts and turbo roundabouts) and measure extraction of complexity and security from them is 
possible. In the future work, it is contemplated to contrast the modelled areas with data on real traffic and 
its application to more cases of study. Also modify the current PN, adding colour tokens according to the 
desired trajectory, to simulate the system and extend it to high traffic flow situations.  
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